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(54) Liquid discharging apparatus and method for discharging liquid 



(57) To eliminate influence of discharge amounts 
depending on changes in liquid level of a liquid storage 
tank and to improve discharge accuracy of a liquid dis- 
charging apparatus. 

By a pressure regulating opening portion for form- 
ing a reference liquid surface maintaining a given pres- 



sure, pressure inside a pump chamber before a dis- 
charging operation is kept constant without affecting liq- 
uid level existing in the liquid storage tank. Therefore, 
volume of the inside of the pump chamber is kept con- 
stant and liquid can be discharged with higher precision. 
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Description 

BACKGROUND OF THE INVENTION 

[0001] The present invention relates to a liquid dis- 
charging apparatus and a method for discharging liquid 
such that a given amount of liquid is discharged. 
[0002] During manufacturing processes of various 
technological fields such as a liquid crystal substrate 
manufacturing technique, a magnetic disc manufactur- 
ing technique, a multi-layer wiring board manufacturing 
technique, and the like in addition to a semiconductor 
wafer manufacturing technique, chemical liquid such as 
photoresist liquid, spin-on-glass liquid, polyimide resin 
liquid, pure water, etchant, organic solvent., or the like 
has been utilized. And, in order to apply these liquids, a 
liquid discharging apparatus has been used. 
[0003] For example, in the case where the photoresist 
liquid is applied to a surface of a semiconductor wafer, 
a given amount of photoresist liquid is dripped from the 
liquid discharging apparatus under thecondition that the 
semiconductor wafer is rotated in a horizontal plane. Be- 
cause amounts for dripping the photoresist liquid affect 
thickness of a photoresist film formed by baking the pho- 
toresist liquid dripped, an accurate control is required. 
[0004] Such the liquid discharging apparatus is most- 
ly used, which has an elastically deformable pump 
member for forming a pump chamber as a pump for 
sucking and discharging liquid. 

[0005] As the elastically deformable pump member, 
each of Japanese Patent Laid-open No. 10-47234 and 
No. 2000-15168 discloses one using a bellows, or Jap- 
anese Patent Laid-open No. 8-170744 discloses one 
using a diaphragm, or further Japanese Patent Laid- 
open No. 1 1 -230048 discloses one using a flexible tube, 
or the like. In a liquid discharging apparatus having the 
pump member such as a bellows or the like, a pump 
chamber for being expanded and contracted by the 
pump member is divisionally formed therein. And, in the 
pump chamber, both an inflow passage communicating 
with a liquid storage tank and a discharge passage com- 
municating with a discharge nozzle are connected to 
each other. The inflow passage and the discharge pas- 
sage are provided with an inflow side valve and a dis- 
charge side valve which open and close respective pas- 
sages, respectively 

[0006] The elastically deformable pump member 
such as a bellows or the like is driven by a drive section 
comprising a motor, a fluid-pressure actuator or the like, 
and thereby the volume of the inside of the pump cham- 
ber is changed. And, by executing a sucking step of con- 
tracting the bellows with the inflow side valve open and 
the discharge side valve closed and of sucking liquid into 
the pump chamber from the liquid storage tank, and a 
discharging step of extending the bellows with the inflow 
side valve closed and the discharge side valve open and 
thereby of discharging the liquid from the pump cham- 
ber, the liquid is discharged from the discharge nozzle. 



[0007] Recently, in the manufacturing processes of 
various technical fields in addition to the semiconductor 
wafer manufacturing technique, high discharge accura- 
cy has been required about the liquid discharging appa- 

5 ratus in order to adapt a small size and high accuracy 
of each product and to improve product quality. 
[0008] In the liquid discharging apparatus, negative 
pressure depending on suction resistance and pressure 
depending on the difference between liquid levels of the 

10 pump chamber and the liquid storage tank, affect the 
pump chamber when the pump sucks the liquid. As the 
liquid is consumed, the pressure depending on the dif- 
ference between liquid levels of the pump chamber and 
the liquid storage tank changes gradually. Therefore, as 

15 the liquid is consumed, pressure of the inside of the 
pump chamber also changes when the pump sucks the 
liquid. Since volume of the inside of the pump chamber 
comprises a pump body and an elastically deformable 
pump member, if the pressure of the inside of the pump 

20 chamber changes, deformed amounts of elastically de- 
formable pump member change. As a result, the volume 
of inside of the pump chamber changes too. 
[0009] Accordingly, amounts of liquid sucked in the 
pump chamber also change, so that amounts of liquid 

25 discharged are difficult to keep constant. 

SUMMARY OF THE INVENTION 

[0010] An object of the present invention is to elimi- 
30 nate affection of the discharge amounts depending on 
change in a liquid level of the inside of the liquid storage 
tank, and to improve discharge accuracy of a liquid dis- 
charging apparatus. 

[001 1 ] According to the present invention, a liquid dis- 
ss charging apparatus comprises: a pump body incorpo- 
rating an elastically deformable pump member therein 
and having a pump chamber expanding and contracting 
by said pump member; an inflow passage provided be- 
tween said pump chamber and a liquid storage tank con- 
40 taining liquid, and provided with such an inflow side 
valve as to open when said pump member executes an 
operation of a suction stroke; a pressure regulating pas- 
sage provided between said pump chamber and a pres- 
sure regulating opening portion, and provided with such 
45 a pressure regulating valve as to open when said pump 
member executes a discharging operation of an exhaust 
stroke and to keep pressure inside said pump chamber 
constant; and a discharge passage provided between a 
discharge nozzle and said pump chamber, and provided 
50 with such a discharge side valve as to open when said 
pump member executes an operation of a discharge 
stroke. In this liquid discharge apparatus, said pressure 
regulating opening portion may be open to atmosphere 
at a position higherthan liquid level of said liquid storage 
55 tank, and the pressure inside said pump chamber 
through said pressure regulating passage may be set to 
be higher than when the operation of the suction stroke 
is completed. 
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[001 2] According to the present invention, a liquid dis- 
charging apparatus comprises: a pump body incorpo- 
rating an elastically deformable pump member therein 
and having a pump chamber expanding and contracting 
by said pump member; an inflow passage provided be- 
tween said pump chamber and a liquid storage tankcon- 
taining liquid, and provided with such an inflow side 
valve as to open when said pump member executes an 
operation of a suction stroke; a pressure regulating pas- 
sage provided between a pressure regulating opening 
portion and said pump chamber, and provided with such 
a pressure regulating valve as to open after the opera- 
tion of the suction stroke of said pump member is com- 
pleted and that sets pressure of the inside of said pump 
chamber to be lower than when the operation of the suc- 
tion stroke is completed: and a discharge passage pro- 
vided between a discharge nozzle and said pump cham- 
ber, and provided with such a discharge side valve as 
to open when said pump member executes an operation 
of a discharge stroke. In this liquid discharging appara- 
tus, the pressure regulating opening portion may be 
open to atmosphere at a position lower than liquid level 
of said liquid storage tank. 

[0013] In this liquid discharging apparatus, said pres- 
sure regulating opening portion may be practically 
opened downwards and maintains a reference liquid 
surface by forming an interface depending on surface 
tension of the liquid. 

[0014] In this liquid discharging apparatus, said pres- 
sure regulating opening portion may be practically 
opened upwards. 

[0015] According to the present invention, a method 
for discharging liquid, in which liquid inside a liquid stor- 
age tank is discharged into a discharge nozzle by a 
sucking operation and a discharging operation executed 
by an elastically deformable pump member incorporat- 
ed in a pump body and forming a pump chamber, the 
method comprises: a sucking step of making said pump 
member executing an operation of a suction stroke as 
a condition that an inflow side valve is opened, said in- 
flow side valve being provided in an inflow passage con- 
necting said liquid storage tank and said pump chamber; 
an exhausting step of opening a pressure regulating 
valve and making said pump member executing a dis- 
charging operation of a predetermined exhaust stroke 
with pressure inside said pump chamber keeping con- 
stant, said pressure regulating valve being provided in 
a pressure regulating passage connecting a pressure 
regulating opening portion and said pump chamber; and 
a discharging step of opening a discharge side valve 
and making said pump member executing an operation 
of a discharge stroke, said discharge side valve being 
provided in a discharge passage connecting said dis- 
charge nozzle and said pump chamber. 
[0016] According to the present invention, a method 
for discharging liquid, in which liquid inside a liquid stor- 
age tank is discharged into a discharge nozzle by a 
sucking operation and a discharging operation executed 



by an elastically deformable pump member incorporat- 
ed in a pump body and forming a pump chamber, the 
method comprises: a sucking step of making said pump 
member executing an operation of a suction stroke as 
5 a condition that an inflow side valve is opened, said in- 
flow side valve being provided in an inflow passage con- 
necting said liquid storage tank and said pump chamber; 
an exhausting step of opening a pressure regulating 
valve and setting pressure inside the pump chamber to 
10 be lower than when the operation of the suction stroke 
is completed, said pressure regulating valve being pro- 
vided in an pressure regulating passage connecting a 
pressure regulating opening portion and said pump 
chamber: and a discharging step of opening a discharge 
*5 side valve and making said pump member executing an 
operation of a suction stroke, said discharge side valve 
being provided in a discharge passage connecting said 
discharge nozzle and said pump chamber. 
[0017] In the present invention, since pressure inside 
of the pump chamber before a discharging operation be- 
comes constant due to the pressure regulating opening 
portion without depending on a liquid surface level of the 
liquid storage tank, discharge with high precision can be 
achieved. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0018] 

Fig. 1 is a schematic view showing a liquid discharg- 
ing apparatus that is one embodiment of the present 
invention. 

Fig. 2 illustrates a modified example of the liquid dis- 
charging apparatus shown in a first embodiment 
and is a schematic view showing the liquid dis- 
charging apparatus in the case where a pressure 
regulating passage is connected to a filter provided 
in a discharge passage. 

Fig. 3 illustrates a modified example of the liquid dis- 
charging apparatus shown in the first embodiment 
and is a schematic view showing the liquid dis- 
charging apparatus in the case where a pressure 
regulating opening portion is provided at a position 
lower than a liquid level of a liquid storage tank. 
Fig. 4 illustrates a modified example of the liquid dis- 
charging apparatus shown in the first embodiment 
and is a schematic view showing the liquid dis- 
charging apparatus in the case where the pressure 
regulating opening portion is opened in a pressure 
case keeping a given pressure. 
Fig. 5 is a time chart showing an operating form of 
the liquid discharging apparatus shown in the first 
embodiment. 

Fig. 6 is a time chart showing an operating form of 
the liquid discharging apparatus shown in a second 
embodiment. 

Fig. 7 is a time chart showing an operating form of 
the liquid discharging apparatus shown in a third 
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embodiment. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] Referring to the drawings, embodiments of the 
present invention will be described in detail below. 

(First embodiment) 

[0020] Fig. 1 is a schematic view showing a liquid dis- 
charging apparatus that is one embodiment of the 
present invention, and Fig. 5 is a time chart showing an 
operating form of this liquid discharging apparatus. 
[0021] In a pump body 1 , a bellows 2 which is elasti- 
cally deformable in an axial direction thereof is incorpo- 
rated as a pump member and a pump chamber 3 is di- 
visionally formed by the bellows 2 and the pump body 1 . 
[0022] The bellows 2 is made from tetrafluoroethylene 
perfluoroalkylvinylether copolymer (PFA) which is fluor- 
oresin in the case where liquid supplied is photoresist 
liquid, and the pump body 1 is also made from the same 
resin material as it. However, materials for making the 
bellows 2 and the pump body 1 can be optionally set in 
accordance with properties of the liquid supplied. 
[0023] In the bellows 2, a driving rod 4 whose one end 
is fixed to the bellows 2 is reciprocatably provided in an 
axial direction thereof, and a driving section 5 is provid- 
ed on the other end of the driving rod 4. The driving sec- 
tion 5 may be driven by a hydropneumatic cylinder such 
as an air cylinder, a hydraulic cylinder or the like. Or, the 
driving section 5 may be driven by a motor which drives 
a feed screw screw-combined with the driving rod 4. The 
bellows 2 expands or contracts by an operation of a re- 
ciprocative stroke which the driving rod 4 driven by the 
driving section 5 executes, and generates sucking pres- 
sure or discharging pressure by decreasing or increas- 
ing the volume of the inside of the pump chamber 3, and 
so can have a function of a pump. 
[0024] The operation of the recip rocative stroke of the 
driving rod 4 is divided into a suction stroke, an exhaust 
stroke, and a discharge stroke. The suction stroke is 
equal to a total stroke of the exhaust stroke and the dis- 
charge stroke, and corresponds to the maximum stroke 
of the driving rod 4. 

[0025] An inflow passage 7 communicating with the 
pump chamber 3 and the liquid storage tank 6 in which 
the liquid is incorporated is connected to the pump 
chamber 3. This inflow passage 7 is provided with an 
inflow side valve 8 for opening and closing the inflow 
passage 7. With the inflow side valve 8 open, by making 
the bellows 2 execute such an operation of a suction 
stroke as to correspond to the maximum stroke of the 
driving rod 4 and by making the volume of the inside of 
the pump chamber 3 expand, it is possible to execute a 
sucking step of sucking the liquid existing in the liquid 
storage tank 6, into the pump chamber 3. 
[0026] After the sucking step, the inside of the pump 



chamber 3 is affected by negative pressure depending 
on the suction resistance and pressure depending on 
difference between liquid levels of the pump chamber 3 
and the liquid storage tank 6, which change whenever 

5 suction thereof is repeated. Therefore, whenever suc- 
tion thereof is repeated, elastically deformable amounts 
of bellows 2 constituting the pump chamber 3 also 
change and thereby the volume of the inside of the pump 
chamber 3 changes too. 

10 [0027] For example, if a liquid level has a change in 
only Ah between the maximum liquid level and the min- 
imum liquid level of the liquid existing in the liquid stor- 
age tank 6, then head relative to the pump chamber 3 
changes from hi to h2. And so, even if the liquid is 

15 sucked into the pump chamber 3 by the same suction 
stroke, amounts of liquid actually sucked by change in 
the elastically deformable amounts of bellows 2 will be 
changed. 

[0028] One end of a pressure regulating passage 10 

20 provided with a pressure regulating valve 9 is connected 
to the pump chamber 3, and the other of the pressure 
regulating passage 10 is located above the liquid level 
of the liquid existing in the liquid storage tank 6 and di- 
rected downwards and constitutes a pressure regulating 

25 opening portion 1 1 kept open directly to atmosphere. Af- 
ter the liquid is sucked into the pump chamber 3, with 
the inflow side valve 8 closed and the pressure regulat- 
ing valve 9 open, the bellows 2 executes an sucking op- 
eration of an exhaust stroke to make the volume of the 

30 inside of the pump chamber 3 contract. Thereby, the bel- 
lows 2 can execute an exhausting step of exhausting 
the liquid existing in the pump chamber 3, from the pres- 
sure regulating opening portion 11 . 
[0029] Since the liquid exhausted by this exhausting 

35 step forms an interface touching air at the pressure reg- 
ulating opening portion 1 1 due to surface tension there- 
of, a reference liquid surface is formed which maintains 
a given head h3 relative to the pump chamber 3. This 
reference liquid surface is kept constant without de- 

40 pending on the liquid level of the liquid changing in the 
liquid storage tank 6. And so, pressure changing inside 
the pump chamber 3, due to the liquid level of the liquid 
storage tank 6 during the sucking step, is released by 
the pressure regulating opening portion 11 through the 

45 liquid existing inside the pressure regulating passage 
10, and thereby is always kept constant. 
[0030] The pressure regulating opening portion 11 is 
located above the liquid level of the liquid existing inside 
the liquid storage tank 6. Therefore, if the pressure reg- 

50 ulating valve 9 is closed under the condition that the 
pressure inside the pump chamber 3 has a given value, 
the pressure inside the pump chamber 3 is set to have 
a higher given value than when the operation of the suc- 
tion stroke is completed. 

55 [0031] Because the volume of the inside of the pump 
chamber 3 corresponds to to-be-discharged amounts 
when the exhaust stroke is completed, amounts of liquid 
sucked during the sucking step corresponds to a total 
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of the to-be-discharged amounts and amounts equal to 
or more than the maximum of volume variation depend- 
ing on liquid variation in the liquid storage tank 6. 
[0032] By the way, the liquid exhausted from the pres- 
sure regulating opening portion 11 is recovered in an 5 
exhaust-and-recovery tank 1 2 provided at the bottom of 
the pressure regulating opening portion 11. 
[0033] Furthermore, a discharging passage 14 com- 
municating with the pump chamber 3 and a discharging 
nozzle 1 3 for discharging the liquid is connected to the 10 
pump chamber 3. In the discharge passage 14, a dis- 
charge side valve 15 for opening and closing this dis- 
charge passage 14 and a nozzle opening/closing valve 
16 are provided. Therefore, with each of the valves 15 
and 16 open and with the inflow side valve 8 and the is 
pressure regulating valve 9 closed, if the bellows 2 is 
made to execute a discharging operation of the dis- 
charge stroke, then volume of the pump chamber 3 con- 
tracts, and thereby the liquid existing inside the pump 
chamber 3 is discharged from the discharge nozzle 13. 20 
[0034] A filter 17 for filtering the liquid is provided in 
the discharge passage 1 4. And so, with the nozzle open- 
ing/closing valve 1 6 closed and the discharge side valve 
15 open, if the discharging operation is executed, bub- 
bles included in the liquid can be externally exhausted 25 
through the filter 17. Additionally, a suck-back valve 18 
for preventing the liquid from dripping from the dis- 
charge nozzle 13 is provided in the discharge passage 
1 4. By operating this suck-back valve 1 8 after discharge 
of the liquid from the discharge nozzle 1 3, the liquid ex- 30 
isting in the discharge nozzle 13 is slightly drawn back 
and thereby drops of the liquid are prevented from falling 
from the discharge nozzle 13. 

[0035] An operating form of the liquid discharging ap- 
paratus having this kind of construction will be explained 35 
on the basis of a time chart shown in Fig. 5. In the time 
chart of Fig. 5, a lateral axis represents operating 
strokes of the bellows 2. 

[0036] As shown in (a) of Fig. 5, by opening only the 
inflow valve 8 and by contracting the bellows 2 up to the 40 
suction stroke S Q only, the sucking step shown in (b) of 
Fig. 5 and is executed, and the liquid is sucked in the 
pump chamber 3. The stroke S Q is the maximum stroke 
of the bellows 2. At this time, sucking amounts are a 
total of to-be-sucked amounts and amounts equal to or 
more than the maximum of volume variation in the pump 
chamber 3 depending on the liquid levels in the liquid 
storage tank 6. 

[0037] Next, as shown in (b) of Fig. 5, by opening only 
the pressure regulating valve 9 and by extending the so 
bellows 2 up to the exhaust stroke S 1 only, the exhaust- 
ing step shown in (e) of Fig. 5 is executed and the liquid 
is exhausted from the pressure regulating opening por- 
tion 1 1 . The stroke S 1 is such a position that the volume 
of the inside of the pump chamber 3 becomes to-be- 55 
discharged amounts when the liquid is exhausted from 
the pressure regulating opening portion 11 . Accordingly, 
at this time, the volume of the inside of the pump cham- 



ber 3, that is, amounts of liquid existing inside of the 
pump chamber 3 are always kept constant regardless 
of the liquid level in the liquid storage tank 6 because a 
stroke of the bellows 2 is constant at S 1 and the pressure 
inside the pump chamber 3 is kept constant by the pres- 
sure regulating opening portion 11. 
[0038] Next, as shown in (c) and (d) of Fig. 5, by open- 
ing the discharge side valve 1 5 and the nozzle opening/ 
closing valve 16 and by extending the bellows 2 up to 
the discharge stroke S 2 , the discharging step shown in 
(e) of Fig. 5 is executed, and the liquid existing in the 
pump chamber 3 is discharged from the discharge noz- 
zle 13. At this time, since amounts of liquid existing in- 
side the pump chamber 3 are kept constant during the 
exhausting step, the present step can precisely dis- 
charge to-be-discharged amounts. 
[0039] Thereafter, by repeating this cycle, it is possi- 
ble to continuously achieve highly accurate discharge. 
[0040] If solenoid controlled valves opening or closing 
by electric signals are substituted for the inflow side 
valve 8, the discharge side valve 15, nozzle opening/ 
closing valve 16, and the pressure regulating valve 9, 
the respective valves 8, 15, 16 and 9 can automatically 
open and close by electric signals transmitted from a 
controller. 

(Second embodiment) 

[0041] Fig. 2 is a modified example of the liquid dis- 
charging apparatus shown in Fig. 1 and is a schematic 
view showing the case where the pressure regulating 
passage 1 0 connected to the pump chamber 3 in Fig. 1 
is connected to the filter 17 provided in the discharge 
passage 14. 

[0042] A liquid discharge apparatus shown in Fig. 2 
basically has a construction similar to the liquid dis- 
charge apparatus shown in Fig. 1 . However, in the liquid 
discharging apparatus shown in Fig. 2, the pressure reg- 
ulating passage 10 is connected to a vent port of the 
filter 17 provided in the discharge passage 14, and the 
pump chamber 3 communicates with the pressure reg- 
ulating opening portion 11 through the discharge side 
valve 15 and the pressure regulating valve 9. 
[0043] As shown in Fig. 2, the pressure regulating 
opening portion 11 is located within the exhaust-and-re- 
covery tank 12 and is made to open to the atmosphere 
via fluid in this . Therefore, a liquid surface overflowing 
from the exhaust-and-recovery tank 12 becomes a ref- 
erence liquid surface, so that it is possible to keep al- 
ways head h 3 . Means for forming this kind of reference 
liquid surface can be applied to any cases of the first, 
third or fourth embodiment regardless of location or at- 
mosphere of the pressure regulating opening 11. 
[0044] An operating form of the liquid discharging ap- 
paratus having this kind of construction will be explained 
on the basis of a time chart shown in Fig. 6. 
[0045] As shown in (a) of Fig. 6, by opening only the 
inflow side valve 8 and by contracting the bellows 2 up 
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to the suction stroke S Q only, the sucking step shown in 
(e) of Fig. 6 is executed, and the liquid is sucked in the 
pump chamber 3. 

[0046] Then, as shown in (b) and (c) of Fig. 6, by open- 
ing the pressure regulating valve 9 and the discharge 
side valve 15, by extending the bellows 2 up to the ex- 
haust stroke S 1 only, the exhausting step shown in (e) 
of Fig. 6 is executed, and the liquid is exhausted from 
the pressure regulating opening portion 11. 
[0047] Next, as shown in (c) and (d) of Fig. 6, by open- 
ing the discharge side valve 1 5 and the nozzle opening/ 
closing valve 16 and by extending the bellows 2 up to 
the discharge stroke S 2 , the discharging step shown in 
(e) of Fig. 6 is executed, and the liquid existing inside 
the pump chamber 3 is discharged from the discharge 
nozzle 13. At this time, since amounts of liquid existing 
inside the pump chamber 3 is kept constant during the 
exhausting step, the present step can precisely dis- 
charge to-be-discharged amounts. 
[0048] Thereafter, by repeating this cycle, it is possi- 
ble to continuously achieve highly accurate discharge. 

(Third embodiment) 

[0049] Fig. 3 is a modified example of the liquid dis- 
charging apparatus shown in Fig. 1 and is a schematic 
view showing the case where a location of the pressure 
regulating opening portion 1 1 is set to be lower than the 
liquid level of the liquid storage tank 6. 
[0050] A liquid discharge apparatus shown in Fig. 3 
basically has a construction similar to the liquid dis- 
charging apparatus shown in Fig. 1 . However, in the liq- 
uid discharging apparatus shown in Fig. 3 S a location of 
the pressure regulating opening portion 11 is set to be 
lower than the liquid level of the liquid storage tank 6. 
[0051] The liquid regulating opening portion 11 is 
formed by bending the tip of the pressure regulating pas- 
sage 1 0 in a J shape and thereby is upward open to the 
atmosphere. And, when the liquid therein is overflowed, 
a reference liquid surface is formed. Means for forming 
this kind of the reference liquid surface can be applied 
to any cases shown in the first, second orfourth embod- 
iment regardless of a location or atmosphere of the pres- 
sure regulating opening portion 11. 
[0052] Since a location of the pressure regulating 
opening portion 1 1 is set to be lower than the liquid level 
of the liquid storage tank 6, head of the liquid level in 
the liquid storage tank 6 is located higher than that of 
the pressure regulating opening portion 11. Therefore, 
in the exhausting step, the liquid is exhausted from the 
pressure regulating opening portion 11 as soon as the 
pressure regulating valve 9 is opened. 
[0053] Consequently, in the case where the location 
of the pressure regulating opening portion 11 is set to 
be lower than the liquid level of the liquid storage tank 
6, the discharging operation of the exhaust stroke de- 
pending on the bellows 2 is not executed and the ex- 
hausting step is executed only by opening and closing 



the pressure regulating valve 9. 
[0054] Under this condition, by closing the pressure 
regulating valve 9, the inside of the pump chamber 3 is 
set to have a given pressure lower than when the suction 

5 stroke is finished. 

[0055] An operating form of the liquid discharging ap- 
paratus having this kind of construction will be described 
on the basis of the time chart shown in Fig. 7. 
[0056] As shown in (a) of Fig. 7, by opening only the 

10 inflow side valve 8 and contracting the bellows 2 up to 
the suction stroke S 0 only, the sucking step shown in (e) 
of Fig. 7 is executed and the liquid is sucked into the 
pump chamber 3. 

[0057] Then, as shown in (b) of Fig. 7, by opening the 
15 pressure regulating valve 9 , the exhausting step is ex- 
ecuted and the liquid is exhausted from the pressure 
regulating opening portion 11. 

[0058] At this time, since a location of the pressure 
regulating opening portion 11 is set to be lower than the 

20 liquid level of the liquid storage tank 6, the liquid is ex- 
hausted from the pressure regulating opening portion 
1 1 as soon as the pressure regulating valve 9 is opened. 
Therefore, the bellows 2 executes no discharging oper- 
ation of the exhaust stroke. 

25 [0059] Then, as shown in (c) and (d) of Fig. 7, by open- 
ing the discharge side valve 1 5 and the nozzle opening/ 
closing valve 16 and by extending the bellows 2 up to 
the discharge stroke S 2 , the discharging step shown in 
(e) of Fig. 7 is executed and the liquid existing inside the 

30 pump chamber 3 is discharged from the discharge noz- 
zle 13. At this time, since amounts of liquid existing in- 
side the pump chamber 3 are kept constant during the 
exhausting step, this step can precisely discharge to- 
be-discharged amounts. 

35 [0060] Thereafter by repeating this cycle, it is possi- 
ble to continuously achieve highly accurate discharge. 
[0061] In this way, in the case where the location of 
the pressure regulating opening portion 11 is set to be 
lower than the liquid level of the liquid storage tank 6, 

40 when the pressure regulating valve 9 is opened, the bel- 
lows 2 executes no discharging operation of the exhaust 
stroke and the exhausting step is executed. However, 
when the pressure regulating valve 9 is opened, the bel- 
lows 2 may execute the discharging operation of the ex- 

4 5 haust stroke. In this case, amounts of liquid sucked in 
the sucking step are a total of addition of amounts more 
than the maximum of the volume variation in the pump 
chamber 3 depending on the liquid level variation of the 
liquid storage tank 6 and amounts exhausted by the dis- 

50 charging operation of the exhaust stroke, to the to-be- 
discharged amounts. 

(Fourth embodiment) 

55 [0062] Fig. 4 is a modified example of the liquid dis- 
charging apparatus shown in Fig. 1 and is a schematic 
view showing the case where the pressure regulation 
opening portion 11 being open to atmosphere in Fig. 1 



6 



11 



EP 1 195 524 A2 



12 



is opened in a pressure case 19 for keeping a given 
pressure. 

[0063] A liquid discharging apparatus shown in Fig. 4 
has a construction similar to the liquid discharging ap- 
paratus shown in Fig. 1 . However, in the liquid discharg- 
ing apparatus shown in Fig. 4, the pressure regulating 
opening portion 11 is opened in a pressure case 19 
keeping a given pressure controlled by a controller 20 
and is thereby located in such environment as not to be- 
ing affected by changes in atmospheric pressure. 
[0064] Consequently, since pressure of the reference 
liquid surface formed in the pressure regulating opening 
portion 1 1 is further maintained at highly accuracy with- 
out being affected by changes in atmospheric pressure, 
the volume of the inside of the pump chamber 3 can be 
maintained with still higher precision. 
[0065] This pressure case 19 can be applied to any 
cases shown in the first, second or third embodiment, 
and provide similar effects thereto regardless of the lo- 
cation of the pressure regulating opening portion 11 or 
methods of being open to atmosphere. 
[0066] As described above, the inventions made by 
inventors have been described concretely in accord- 
ance with the embodiments. However needless to say, 
the present invention is limited to the above-mentioned 
embodiments, and can be variously changed and mod- 
ified without departing from the gist thereof. 
[0067] For example, the liquid discharging apparatus 
is not be limited to one type using the bellows 2 as a 
pump member, and may use a diaphragm or a flexible 
tube as a pump member. 

[0068] According to the present invention, pressure 
inside the pump chamber before a discharging opera- 
tion is executed is kept constant by the pressure regu- 
lating opening portion without being affected by liquid 
levels of the chemical liquid remaining in the liquid stor- 
age tank. Therefore, the volume of the inside of the 
pump chamber is kept constant, and thereby the liquid 
can be discharged with highly precision. 
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Claims 

1 . A liquid discharging apparatus comprising: 

45 4. 

a pump body incorporating an elastically de- 
formable pump member therein and having a 
pump chamber expanding and contracting by 
said pump member; 

an inflow passage provided between said pump 50 5. 
chamber and a liquid storage tank containing 
liquid, and provided with such an inflow side 
valve as to open when said pump member ex- 
ecutes an operation of a suction stroke; 
a pressure regulating passage provided be- 55 
tween said pump chamber and a pressure reg- 6. 
ulating opening portion, and provided with such 
a pressure regulating valve as to open when 



said pump member executes a discharging op- 
eration of an exhaust stroke and to keep pres- 
sure inside said pump chamber constant; and 
a discharge passage provided between a dis- 
5 charge nozzle and said pump chamber, and 

provided with such a discharge side valve as to 
open when said pump member executes an op- 
eration of a discharge stroke. 

10 2. The liquid discharging apparatus according to claim 
1 , wherein said pressure regulating opening portion 
is open to atmosphere at a position higher than liq- 
uid level of said liquid storage tank, and the pres- 
sure inside said pump chamber through said pres- 
15 sure regulating passage is set to be higher than 
when the operation of the suction stroke is complet- 
ed. 

3. A liquid discharging apparatus comprising: 

20 

a pump body incorporating an elastically de- 
formable pump member therein and having a 
pump chamber expanding and contracting by 
said pump member; 

an inflow passage provided between said pump 
chamber and a liquid storage tank containing 
liquid, and provided with such an inflow side 
valve as to open when said pump member ex- 
ecutes an operation of a suction stroke; 
a pressure regulating passage provided be- 
tween a pressure regulating opening portion 
and said pump chamber, and provided with 
such a pressure regulating valve as to open af- 
ter the operation of the suction stroke of said 
pump member is completed and that sets pres- 
sure of the inside of said pump chamber to be 
lower than when the operation of the suction 
stroke is completed; and 
a discharge passage provided between a dis- 
charge nozzle and said pump chamber, and 
provided with such a discharge side valve as to 
open when said pump member executes an op- 
eration of a discharge stroke. 

The liquid discharging apparatus according to claim 
3, wherein the pressure regulating opening portion 
is open to atmosphere at a position lowerthan liquid 
level of said liquid storage tank. 

The liquid discharging apparatus according to claim 
1 , wherein said pressure regulating opening portion 
is practically opened downwards and maintains a 
reference liquid surface by forming an interface de- 
pending on surface tension of the liquid. 

The liquid discharging apparatus according to claim 
1 , wherein said pressure regulating opening portion 
is practically opened upwards. 
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7. The liquid discharging apparatus according to claim 

2, wherein said pressure regulating opening portion 
is practically opened downwards and maintains a 
reference liquid surface by forming an interface de- 
pending on surface tension of the liquid. s 

8. The liquid discharging apparatus according to claim 

3, wherein said pressure regulating opening portion 
is practically opened downwards and maintains a 
reference liquid surface by forming an interface de- 10 
pending on surface tension of the liquid. 

9. The liquid discharging apparatus according to claim 

4, wherein said pressure regulating opening portion 

is practically opened downwards and maintains a 15 
reference liquid surface by forming an interface de- 
pending on surface tension of the liquid. 

10. The liquid discharging apparatus according to claim 

2, wherein said pressure regulating opening portion 20 
is practically opened upwards. 

1 1 . The liquid discharging apparatus according to claim 

3, wherein said pressure regulating opening portion 

is practically opened upwards. 25 

12. The liquid discharging apparatus according to claim 

4, wherein said pressure regulating opening portion 
is practically opened upwards. 

30 

13. A method for discharging liquid, in which liquid in- 
side a liquid storage tank is discharged into a dis- 
charge nozzle by a sucking operation and a dis- 
charging operation executed by an elastically de- 
formable pump member incorporated in a pump 35 
body and forming a pump chamber, the method 
comprising: 



said pump chamber. 

14. Amethod for discharging liquid, in which liquid in- 
side a liquid storage tank is discharged into a dis- 
charge nozzle by a sucking operation and a dis- 
charging operation executed by an elastically de- 
formable pump member incorporated in a pump 
body and forming a pump chamber, the method 
comprising: 

a sucking step of making said pump member 
executing an operation of a suction stroke as a 
condition that an inflow side valve is opened, 
said inflow side valve being provided in an in- 
flow passage connecting said liquid storage 
tank and said pump chamber; 
an exhausting step of opening a pressure reg- 
ulating valve and setting pressure inside the 
pump chamber to be lower than when the op- 
eration of the suction stroke is completed, said 
pressure regulating valve being provided in an 
pressure regulating passage connecting a 
pressure regulating opening portion and said 
pump chamber; and 

a discharging step of opening a discharge side 
valve and making said pump member execut- 
ing an operation of a suction stroke, said dis- 
charge side valve being provided in a discharge 
passage connecting said discharge nozzle and 
said pump chamber 



a sucking step of making said pump member 
executing an operation of a suction stroke as a 40 
condition that an inflow side valve is opened, 
said inflow side valve being provided in an in- 
flow passage connecting said liquid storage 
tank and said pump chamber; 
an exhausting step of opening a pressure reg- 45 
ulating valve and making said pump member 
executing a discharging operation of a prede- 
termined exhaust stroke with pressure inside 
said pump chamber keeping constant, said 
pressure regulating valve being provided in a so 
pressure regulating passage connecting a 
pressure regulating opening portion and said 
pump chamber; and 

a discharging step of opening a discharge side 
valve and making said pump member execut- 55 
ing an operation of a discharge stroke, said dis- 
charge side valve being provided in a discharge 
passage connecting said discharge nozzle and 
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(a) Inflow side valve 8 

(b) Pressure regulating valve 9 . 

(c) Discharge side valve 15 



(d) Nozzle opening/ 

closing valve 16 

(e) Pumping operation 



Fig. 5 
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(a) Inflow side valve 8 

(b) Pressure regulating valve 9- 

(c) Discharge side valve 15 - 



(d) Nozzle opening/ 

closing valve 16 

(e) Pumping operation 
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Fig. 7 



(a) Inflow side valve 8 

(b) Pressure regulating valve 9. 

(c) Discharge side valve 15 



(d) Nozzle opening/ 

closing valve 16 

(e) Pumping operation 
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